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Coherent  Laser  Radiometric  Measurements  of  LEO  Satelhtes 

s,%s,  SS  “'• 
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“ta  dSe'’stTus“SdTe  of\°v.W  tricking  system  for  good  performance  against 

distant  and  dim  targets.  r ,  ,.0^-1  tn  illuminate  35  different  satellites  at  the 

A  coherent,  pulsed,  near-infrared  laser  Starfire  Beam 

Starfire  Optical  Range  (SOR),  near  .^buquerque,  NM  •  •  ^  ^  A^low-noise  IR  camera 

Director  (SBD)  was  used  to  transmit  pulses  at  a  1/7  T  l  mVter  telescope.  Results 

collected  speckle  returns  at  a  re:™“S'3''od?  micH*  Radiometric  data  are  consistent  with 
include  first  ever  resolved  *»‘®!l“^'"hole-body  specH^M^^^^^  comparing 

iiert 

polanLtion.  Depolarization  data  represent  losses  to  a  coherent  imagm^,  y 

Ls-Scr  Illuminator  ^  cnh^tAntial  cncrsv  Dcr  pulse,  excellent  bes-in 

Laser  il'^'Xen^^rn  m  crl  (flashlamp  pumped)  iodine 

quality,  and  supeib  coherence.  A  1.3  Laboratory  that  met  the  requirements.  Coherence 

laser  was  developed  in-house  at  the  P  p  ncine  Mach-Zehnder  interferometry.  The 

length  *'^/®“°“''?‘'‘l3sS5lyVnS^  than  the  greatest  dimension  of  a  typical  target  so 
tot”  fuUy  dev^toped  IpiSde  paSem  wLld  L  produced  by  reflections  from  aU  observable  pomts 

on  3.  t2Xgct.  Tnnipc  nn  a  routine  bs^is  More  energy  wus  3.v3il3.ble,  but 

the  pulsSp^e  S^uf  tS^^™ 

flashlamps  would  fail  as  they  were  driven  Many  hardware 

restricted  by  the  necess  ty  <o  “a” T?  mSeconSs.  Satellite  orbital 

ve"in^S/"sp^^^^^  smearing,  redueing  the  quality  of  the  captured  speckle 

qi®ilSXsTe®r  S 

to  20  shots  per  engagement. 

^"""4?.mnlSi«elsylterwas  required  to  accurately  track  satellites  as  dim  ^  10th  visual 
FlbrnSamd”  during  Sf  eFp«fment  In  all 
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Mytntuve  pi*  SrtSiidS“aV/ (t  p“otSio"e™ng  coatings  on  the 

optics.  ,  .  u  f  cTot  m  tVip  waveleneth  band  between  600  nm  and  900  nm  was 

Sunlight  reflected  from  Ae  target  m  .^.-.i^ved  a  Gen  III  intensifier  and  a  Hamamatsu 
used  for  target  fine  tracking  siLals  from  the  PMT  closed  the  tracker  loop 

position-sensitive  T  Sck  bandwidths  were  utilized:  3  Hz  for  very  dim 

iound  the  beam  steenng  mirror  ^^M).  Tl^ee  tracK  o  ^  f 

targets,  17  Hz  for  normal  Mv  =  (which  were  not  trackable). 

approximately  My  =  4  at  of  I  pass  and  from  night  to  night  due  to 

Individual  objects  vaned  in  ^nghme^  conditions,  and  changing  aspect  angles, 
changing  viewmg  geometry,  van_  nnint  ahead  were  achieved  using  a  458  nm  wavelength 

System  alignment,  boresight  and  POJ^^  the  high  power  beam  mode, 

alignment  beam  that  was  injected  m  o  e  i  sensed  to  estimate  the  position  and 

The  alignment  beam  regurgitated  .  Jj^^ad  L^^le  necessary  to  hit  the  satellite  was 

pointing  of  the  high  power  be^.  fi^oitallv  added  to  the  point-ahead  control  loop.  The 

■  predict^  pa*  of  *eMg.  power 

beam.  ,  fr,nr,«;c-  Targets  were  selected  during  pre-mission  planning. 

An  operations  summary  loaded  into  the  mount  control  computer  prior 

Ephemeris  data  and  predictive  avoidance  times  aed  controller.  The  target  was  normally 

Aepass.  Ro“Shp°‘"«^87“,^?'rrlovfca^^^^^^  a  FOV  of  approximately  4 

acquired  in  the  wide  position  to  center  it  in  the  300  microradian 

“!fow  rov  *0  object  m  the  60x80  micrcrad.an 

tracker  FOV  and  closed  the  fine  track  loop.  ^  ^  established  and  the  safety  system  showed  all 
Laser  finng  was  initiated  interlock  to  make  sure  that  the  laser  cannot  fire  unless 

S?ys“lSTe  clear.  The  final  safety  check  was  an  atrcraft 

watch  operator  holding  down  a  ready-to-fire  button. 

Receiver  System  .  rp^ord  a  nunil-olane  image  of  the  returning  speckle 

The  receiver  system  was  ^  L  Lftern  spatially,  determine  the  amounfof 

patterns.  The  system  had  to  and  allow  accurate  radiometry  values  to  be 

depolarization  of  the  light  induced  by  mfasurement  was  important  since  depolarization 

felyronS^tra^osJ?^^ 

pattern.  c-  i  thP  rptnmin°  1  3  micron  photons  were  collected  by  the  1.5  in 

Refemng  to  Figure  1,  the  rmminj,  i.j  f  ^ip„„tfgnis  The  receiver  optical 

telescope  at  the  SOR  and  a  lowmoi^  m  camera  recorded^ 

system  actually  separated  the  op^ic^^  system  also  employed  a  zoom  lens  that 

the  light  scattered  into  the  "'^oss  polanzatiom  T^ 

adjusted  the  pupil  a  3  l^magnification  range.  Accurate  radiometnc 

camera  was  completed  in  the  laboratory  before  the 

system  wasjtelde*  sccomplished  with  ‘he  co«rol^y^^^^^^^ 

model.  The  open-loop  pmntmg  of  camera  viLed  an  imlge  of  the  target  which 


‘'““'The  Floodbea..  experiment  was  designed  to 

acquisition,  pointing,  tracking,  and  °  „  ^ej^ents  of  a  set  of  approved  satellites. 

£=rsr:.”E“s~ 

The  graph  shows  the  total  number  ot  return^  pho  ^55 

apermre  was  the  full  1.5  m  the  middle  of  the  pass.  The 

^a7h"a!sothoTsTomrdS;rc  pulse  to  P-I  “ 

pointing  and  tracking  jitter  as  well  as  one  S  the  larger  targets  is  shown  in  Figure 

^  An  example  of  the  speckle  patterns  °  S  the  middle  of  a  particular 

3.  The  fisure  shows  returns  from  five  consecutive  P  ^  the  figure.  A  few  of 

pass.  The^atterns  are  all  scaled  to  a  to  show  the  full  detail  of  the 

the  brightest  speckles  are  shghtly  P  J  hied  as  one  would  expect  for  a  coherent 

speckk  patterns.  Visually,  the  P^P^^'"^  ^  trSfriKSternl  is  abo  very  high.  The  fringing 
rLrn.  Initial  analysis  shows  that  of  vertical  indicates  Lt  this  particular 

“"Figure  4  shows  some  initial  mdiometric  "'“g'  Sg“h1  bouom'  alis! 

vertical  axis  is  the  total  '^““.“^"^'rhM'TireThouvht  to  have  similar  backscatter  cross-secuons. 
targets  are  grouped  m  seven  classes  that  ^  ^  „  soecific  satellite.  These  values 

.  ThI  dark  bars  in  the  graph  are  1? IS  stotUo^^^^^  pass  of  the  given  object 

were  obtained  by  findmg  the  maximum  retu  i  (  §  ^  object.  In  other  words,  the 

and  averaging  these  maximuni  values  over  d  ^  g  calculated 

dark  bars  represent  the  typic^  best  shot  o  ^  transmissions,  estimated  target  cross¬ 
using  a  radiometric  model  that  in^r^rates  “best”  shot  returns  are 

sections,  laser  beam  quality,  etc  ^Jlthirexpected  since  the  “best”  shots  may  include  glints  or 
larger  than  the  predicted  returns,  which  is  mnditions  Only  class  6  targets 

other  »‘lY"'“®YY/r'|Xms“han  «p7ted7^^^^^  that  the  cross-settions  of  these  targets 

Sran"thte  Sn  Si"  Further  radifmetric  data  reduction  is  underway. 

‘'“""'"mSent  was  extremely  succksM.  M 

new  experimental  facility  at  the  Starfire  p  ^  >  useful  in  the  development  of 

development. 
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Figure  1 :  Floodbeam  Experiment  Schematic 
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Figure  2:  Total  Photon  Return  from  a  Single  Satellite  Pass 


Average  "Best 


(suoniiiAl) 

[suoiOMd]  ujn;ea  JeHBOS>ioBa  ibjox 


Object  Type 

Figure  4  -  Averaged  "Best"  Returns  For  Multiple  Passes  Normalized  By  Prediction 


